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I. 

Compagnie Franpaise Thomson-Houston 

Electronics Group 

INTRODUCTION 

/oop* 

The purpose of the present  repor t  is t o  describe i n  d e t a i l  

complementary studies related t o  the Eole project, i n  reply t o  

the questions asked by the NASA representatives. Th i s  includes: 

1) Reppening the s a t e l l i t e  project  to improve reception 

without any loss due t o  the ro ta t ion  of the plane of polar izat ion 

(Faraday e f f ec t )  

2) Narrowing down the technological development conditions, 

as far as the technical specifications are concerned. 

These problems are covered i n  four d i f f e ren t  points: 

1)  S a t e l l i t e  antennas 

2) Satellite transmitter (power stage) 

3) S a t e l l i t e  receiver (improvement of the thleshold by 
narrow-band f ilters) 

4) S a t e l l i t e  reaiver (combiner of polarization d ive r s i f i e r )  

Influence of the Faraday Effect: 

The s tudies  which have been carr ied out have shown that the 

Faraday e f f ec t  introduced a disturbance which i n  pract ice  affected only 

the ba l l8ns  located near the equator. During the discussions with NASA 

it seemed that  t h e  French p@oject Eole was valuable indeed as a complement 

t o  the US project, in-as^much as it permitted tracking balloon6 located 

near the equator. 

theproject so as t o  reduce t o  a mimimum the  s t a t i s t i c a l  gain loss due t o  

It is f o r  t h i s  reason that it was decided to modify 
rt. /004 

the Faraday effect .  

*Numbers given i n  the margin indicate  the  pagination i n  the o r ig ina l  
foreign t ex t .  
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For t h i s  the satel l i te  was modified so as t o  be able  to  transmit 

and receive w;t h two mutually orthogonal linear polarisations.  

The study of the antenna described below was car r ied  ou t  i n  order 

both t o  solve the radio electronics problems which are present and t o  simplify 

the satel l i te  integrat ion and the launch procedure. 
I 

This antenna is indeed 

compatible with a s t ruc ture  stabil ized by symmetric gravity; 

does not have a spin effect due to  the res idua l  gases of the space environment. 

it therefore  

In addition, the inversion of the  satell i te or ien ta t ion  d i r ec t ion  is 

replaced by an  e lec t ronic  phase shif-ting of a network of antennas, thus 

permitting o r i e n t  i ng the  radiation pa&tern toward the earth. 

The satel l i te  transmitte&own power has been increased twofold i n  order f& it 

t o  have the same power as i n  the o r i g i n i a l  p ro jec t  f o r  each one of the 

two mutually perpendicular polarizations. 

mitters, which transform the two l inea r ly  polarized transmissions i n t o  a c i r c u l a r l y  

A quadrature set-up of the  two t rans-  

polarized one,permits the resul ts  obtained from the  transmission from the  

satel l i te  t o  the balloon t o  be p rac t i ca l ly  independent of the Faraday effect .  

This increase of the peak power is possible without having to redesign 

the s a t e l l i t e  supply system because of the su f f i c i en t ly  great amount of reserve 

power available i n  an average consumption condition. This amount of avai lable  

power is s t i l l  insuf f ic ien t  t o  permit replacing the many t r ans i s to r s  by a highly 

r e l i ab le  e lectron tube. An increase of the power supplied seems therefore  necessary 

The balloon equipment have been kept the same (vertltcal polar izat ion /005 

of the antenna) so as to re ta in  both the  s implici ty  of the balloon antenna 

and the protect ion against  the reflected beam. 

The s tudies  related t o  narrow-band f i l t e r s  have been continued 

so as t o  reduce the s a t e l l i t e  reception threshold. These s tudies  have confirmed 

that the proposed solut ion was not only feas ib le  , but  could also work with 

development components/certain r e l i ab i l i t y .  
of 

F i l t e r s  with similar characteristics 

(and which i n  addi t ion are the subjects of origimil C.F.T.H. patents) have 

already been in s t a l l ed  on the ground equipment. This gives more weight i n  

- , . - . . . .. _- - __ ... .. . 
, .  

. .  . *. : 
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support of t h i s  t4rpe of f i l t e r  for the solution to the problem involved here. 

These narrow-band f i l t e r  devices have been judiciously com@mented 

control  which permits r e d u c i n g  simultaneously 

the threshold and the d is tor t ion  introduced by t h e  f i l ter .  

The recovery of the content of the transmission from the balloon 

t o  the satell i te is obtained by the poss ib i l i t y  of elect-ing the  plane 

of polar izat ion i n  the satellite receiver, because the antenna system gives 

two receptions i n  mutually perpendicular planes of polarization, 

A study of the various solutions has shown that the  simplest was 

t o  have the satel l i te  receiver perform a successive exploration of four 

polar izat ion conbinations spaced 45' apart, 

a logic vedfication of the  spectral  analysis of the signal, which is  made 

During a reception of the signal, 

by the  combination of a multiple resonator f i l t e r  and the A,G,C, on a 

complete exploration cycle, stops the switch on the polar iaat ion which gives 

the maximu field, 

I - INTRODUCTION 1008 

The present project  proposal is about a satell i te rad ia t ion  system 

designed t o  transmit and receive s igna ls  a t  the  frequency of 400 MKz + 50 kHz 
and t o  be carr ied out  within the framework of the Eole project ,  

- 

The desired radio character is t ics  f o r  the rad ia t ing  device were 

the  following: 

- t he  highest gain possible for angles ranging between 63' and 73' 

with respect t o  the s a t e l l j t e  ax i s  

- attenuation of t h i s  g a i n  between 5 and 6 dB for an angle of 40" with 

respect  to the satel l i te  axis 

- maximum attenuation for a l l  angles less than 40" and greater than 73' 

L. the device must have two outputs: one output for tranamission corresponding 
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t o  a c i rcu lar  polarization ( r i g h t  o r  l e f t ) ,  and two receiver outputs 

corresponding t o  two orthogonal polarizations (crossed l i nea r  or  

inverbed circular)  . 
I n  addition ce r t a in  special  conditions had to be ‘taken in to  

account. These are: 

- i n s t a l l a t ion  on an almost cyl indrical ly  shaped satell i te having the 

following approximate dimensions: height: 1 m; diameter: 50 cm 

/009 

- the necessity of taking care of the s i z e  problems before i n s t a l l a t i o n  

i n  the s a t e l l i t e  and always taking care of the weight problems 

- the desire  t o  free the top and bottom ends of the  satellite where 

s t ab i l i ze r s  could be installed. 

- the  expectation of being able t o  e l e c t r i c a l l y  inver t  t he  radiat ion pa t t e rn  

i n  order t o  compensate f o r  a possible inversion of the s a t l l i t e .  

These lat ter conditions a l l  favor the  adoption of a resonating 

system made up of a network of antennas mounted on the  side surface of 

the satellite. 

of the cylinder-shaped satellite and t o  permit the radiat ion to be 

02 Such a device permits,indeed t o  completely f r ee  the bases 

inverted by means of simple e l ec t r i ca l  switching. 

Such a network presents the  added advantage of permitting a large 

degree‘ of f i t t i n g  i&he eleoation and azimuth radiat ion patterns. This 

may be done by varying spacing applitude and phaee parameters i n  the 

network source of supply, 
J .  

I1 - CHOICE OF TIIE ELEMENTNIY ANTENNA 

The choice of the elementary antenna was d ib ted  by the s i z e  

problems encountered i n  the rocket stage. I n  spite of the f a c t  that 

1010 

aerodynamic drag imposes no res t r ic t ions  i n  space, the use of protruding 

antennas leads t o  mechnical deployment problems which are worth eliminating 

whenever possible. I n  addition, previous knowledge acquired from appl icat ions 
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concerning air  

d i f f i cu l ty  in to  the solut ion offered by antennas which are made f lush  e i t h  

t h e  walls f a r  

s ize  l imitat ions inside the  s a t e l l i t e  which would lead t o  penalizing the 

presence of cavities.  

and rockets permits us  t o  extrapolate without any 

aerodynamical reasons. F ina l ly  there  a re  no ser ious J 

It is f o r  these reasons that we have geared ourselves t o  the adoption 

of cavi ty  type sli t- loaded flush antennas. 

The necessity of having two orthogonal polar izat ions has led us t o  

choose crossed slits. A diagram of t h i s  is shown i n  Fig. 1. These slits are 

excited by two orthogonal probes (Fig. 1)  which feed them in to  two crossed 

modes. I f  these slits were mounted on an  i n f i n i t e  r e f l ec t ing  plane the 

pa t te rn  along the plane of each slit would have a lobewidth of approximately 

90 degrees 3 dB away and i n  the perpendicular plane it would be 180 degrees 

3 dB away. This is why a n  intermediate aperture of approximately 130' could be 

expected i n  the plane of excitation. 

I t  seemed in te res t ing  to us t o  make preliminary measurements on a reduced 

scale  model i n  order t o  experimentally evaluate the ac t ion  of the cylinder 

making up the s a t e l l i t e  upon the pa t te rn  of the proposed antenna. 

The dimensions of the cylinder were 25 Z 50 cm and the frequency 

used i n  the measurement 670 MHz, which led  us t o  a r e a l  diameter of about 

42 cm. 

The r e su l t s  of these measurements are shown i n  polar  coordinates i n  

F i s 2  and 3. This is the radiation along a cone of 70" angle wl th  reepect 

t o  the axis (angle of maximum radiation) . 
It can be seen that the width of the lobe var ies  between 1160 and 150°, 

depending upon whether the excitation is vertical o r  horizontal. 

These are, of course, only preliminary tests, and the study can y ie ld  
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XI1 = CALCULATION OF TIIE NETWORK /OL2 

The proposed network is made up of 3 superposed stages of 3 crossed 

slits, therefore of a t o t a l  of 9 elements (Fig. 4). The horizontal  network 

of 3 elements w i l l  permit to  obtainAalmost omnidirectional azimuth pat tern,  

and the ve r t i ca l  network of 3 stages w i l l  be used t o  obtain the desired elevat ion 

us an 

direct ivi ty .  

A. Azimuth Radiation 

The azimuth radiat ion pattern has been calculated graphically s t a r t i n g  

from the measured pat terns  of Figs. 2 and 3, and making the following 

approximat%ons: no coupling between elements and the respective phase centers  

( ident i f ied  a t  the cross section of the two s l i t s ) .  

The r e su l t s  a r e  shown i n  Fig. 5 and 6. It is seen t h a t  the r a t i o  

maximum varies  between 2.5 dB and 3 dB f o r  the two excitations,  
minimum 

Recall t ha t  t h i s  is a pattern for  a stage having a 3-fold symmetry . 
If the three stages are successively shifted by an angle of 40' 

a +fold symmetry is obtained. I n  t h i s  way a r a t i o  maximum of about 

1 dJ3 can reasonably be exsected, o r  a f luc tua t ion  of + 0.5 dB. 

B.Elevation Radiation 

(Fig. 4), 

minimum 

I 

/013 
The choice of t h e  spacing between the  elements and the choice of the 

phase s h i f t  between them have been made by t r i a l  and error ,  by a t m i c a l  

network calculat ion s t a r t i n g  from an elementsry elevation pa t te rn  analogous t o  

that of 8 dipole. 

The spacing chosen i n  this way was 0.5 A , with a supplg constant 

i n  amplitude and with a phase s h i f t  of 90' between the elements, 

The calculat ion was done by neglecting interact ions between the 

elements . 
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The r e su l t s  of the calculatiogs are shown i n  Fig. 7, a comparison 

with the ideal ly  required diagram. 

useful zone a re  small, i n  sp i te  of the  fact that the at tenuat ion i n  the other zones 

I t  is seen that deviations i n  the 

i$ obviously not zero. 

I t  seemed in te res t ing  t o  us t o  calculate,  by graphically inegrating the 

radiat ion pattern,  the expected d i r e c t i v i t y  of such a device. 
E 

gig. 8 shows curves of ( 1 s i n  0 f o r  the c a l c u k t e d  network 

and f o r  the idea l  antenna. This is an example of graphical integrat ion 

calculation. 

The r e su l t s  of the calculation give 4.92 dB f o r  the proposed 1014 

antenna as against  7.30 dB fo r  the ideal pattern.  

A more de ta i led  study of these r e su l t s  shows t h a t  most of the 2.4 

dB deviation between the two patterns is due t o  the radiat ion near the horizon 

of the proposed network (cross-hatched zone, Fig. 8). One does not exclude the  

poss ib i l i t y  of f inding a s l igh t ly  be t t e r  compromise by having the rad ia t ion  

lobe closer  to the satellite axis. 

With good qual i ty  c i rcu i t s ,a  real gain of up to 4 dB with respect  

t o  the isotropic case can lreasonably be expected. 

IV - MORPHOLOGY OF TIiE SATELLITE 

The choice of a lateral radiat ing device with e l e c t r i c  inversion 

e n t a i l s  a few consequences, as f a r  as the geometry of the satell i te is concerned. 

I t  is e s sen t i a l  that the geometry of the satel l i te  have a hor-nthal plane 

of symmetry i f  the pat terns  are required t o  be correct ly  inverted. 

The solut ion t o  choose m o t  i n  addition be compatible with the  space 

available i n  the c a r r i e r  rockat. The solut ion which seemed t o  us the most 

r a t iona l  consists i n  having two oppositely oriented cones (Fig. 9).  On 

t h i s  f igure are shown the available apace, t he  shape of the  i n i t i a l  satellite 

and that of the pDoposed satellite. Note, however, t h a t  t h i s  solut ion 
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leads to  a reduction i n  the  surface area of the rad ia t ing  energy of about 

11 $. The t o t a l  area goes i n  th i s  way from 1.8 t o  1.6 m2. 

V - THE PROPOSED SYS'X'EM j016 

Fig. 10 shows a perspective view o f - t h e  satell i te with a l l  its 

antennas. It can be seen that a system of 136 MHz antennas was designed. 

Three rods are ins ta l led  a t  120. spacings i n  order t o  

symmetry of the stage of corresponding slits. 

been located common base of &he two cones i n  order t o  r e t a i n  the 

maintain the  

In addition,these rods have 
om 4 -c  

geometrical symmetry of t h e  s a t e l l i t e  (inversion of the radiat ion pattern).  

We depart of course from the normal cylinder considered i n  the 

theore t ica l  calculat ion of the pattern. 

cone arrangements of the elements may-be favorable from the standpoint of secondarj 

It is not excluded that the two 

lobes (this arrangement leads t o  a non'hniform radiat ion of the satellite, 

wish a slight attenuation at  the two ends). 

Fig. 11 shows schematically the pr inciple  involved i n  combining 

the elements, the top and bottom connection and the transmission cand 

reception connection. 

I11 - SATELLITE TRANSMITTER 

111.1 . Background 

'We have seen t h a t  the distM&ance introduced by the Faraday e f f e c t  ' 

necessitated the use of two mutually perpendicular linear polarizations. 

The radiated power is i n  t h i s  way doubled. The transmission channel 

can be represented either by a s ingle  40, watt transmitter feeding the  two 

antennas through a 3 dB coupler, with a phase s h i f t  of m/2 ; o r  by two 
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20 watt transmitters feedPng two ninety degree s ignals  separately i n t o  

each antenna. 

We have studied a completely t ransis tor ized t ransmit ter  with a tube 

i n  the power stage. 

111.2 Transistors Available f o r  the Power Stage 

The t r ans i s to r s  which were previously thought of f o r  the oadxl l i te  

transmitter were RCA t ransis tors  of type TA 2616. 

A f t e r  consulting the US manufacturers of these semi-conductor elements, 

we have chosen the RCA type 40279, which is a h igh- re l iab i l i ty  version ofAtype 

2 N 3375, ond which is designed fo r  space applications. 

$1.4. 

This t r ans i s to r  

is of the same family as type TA 2616 but is l eas  powerful. 

The number of traneistors must therefore be increased. The curves 

furnished by RCA f o r  the 2 N 3375 specif icat ions show that four t r ans i s to r s  

a re  necessary to yie ld  28 to 30 watts a t  200 MHz. 

We prefer  t o  r e t a in  the use of the varactor-type frequency doubler, 1029 
us 

which permitsAto operate the t ransis tor  far from its cut-off frequency and t o  

obtain a good eff ic iency and a phase s h i f t  of the output e ignal  small 

with respect to  the input signal. 

111.3 Hybrid Coupling of the Power t r ans i s to r s  

The coupling of VHF power t r ans i s to r s  by means of hybrids was the 

topic of a detai led description i n  t h e p p e r  en t i t l ed :  "Hybrid coupled 

VEIF t r ans i s to r  power amplifier" by R.M. Kurzrok, S.Y. Mehlman and A. Newton, 

I.E.E.E. Transactions on Aerospace, Volume 2, Number 2, Apri l  1964. 

This device leada t o  greater r e l i a b i l i t y  of the hdividual  components 

and t o  a lesser number of complete breakdowns; t h i s  i n  t u r n  leads t o  a 

greater  r e l i a b i l i t y  of the whole system. 
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A modular construction is possible and f a c i l i t a t e s  the adjustment 

procedure. 

Note t h a t  t h i s  par t iuular  set-up w i l l  become obsolete when a 

suf f ic ien t ly  powerful t r ans i s to r  w i l l  become available. 
,,of; I * b7 -c 

It  would therefore be t o  

take advantage of the time spent on the study f o r  t e s t i n g  the !CA 2616 as a 

space component. I t  w i l l  probably pass the tes t  since t h i s  transistor is of 

the same family as the 40279. 

Because of the operating frequency the hybrid is replaced by the  

lumped constant c i r cu i t s  of the equivalent diagram (Fig. 111.3.1) . 
For a perfect  hybrid the power applied a t  input 1 is divided in to  

two equal par t s  a t  terminals 2 and 3, with a power fed a t the  terminal 4. 

The hybrids are i n  practice frequency-sensitive devices and they 

approach the ideal performance only a t  the calculated center frequency. 

The low modulation rate permits only t h i s  case t o  be considered. 

From the a r t i c l e  referred t o  above the r e s u l t s  obtained are i n  pract ice:  

Power separation 3.35 2 0.25 dB 

Isolat ion 2 20 dB 

111.3 Description of the T r a n s m i t t e r  

The block diagram of the transmitter high level is shown i n  Fig. 111.3.2. 

In t h i s  f igure there is an amplifier stage Ai located before the  

first hybrid H l ,  the latter being used t o  feed the two transmission channels. 

H 1  feeds a hybrid H2 and a hybrid Hi .  Between H and Hi we have 1 
ins ta l led  an adjustable h /4 phase s h i f t e r  designed to give a quadrature 

between the two output signals of the two channels. 

channels a re  identical .  

The two transmission 

The H2 hybrid feeds two amplifiers A2 and A3, ident ica l  to A1. 
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Between H2 and A3 we have a pha$e equalizer which is a r n e t w o r k  equi= 
A 

valent t o  a n  adjustable 50fi transmission l ine.  The adjustment is made 

f o r  the maximum output power. 

The hybrids H 3  and H4 geed each two high-power amplifiers 

Ab, A5,  and A 6  and AT. 

Each amplifier delivers 7.8 W. 

The hybrids H5, H6 and H7 provide coupling between the amplifier 1031 

outputs. A t  the output of H7 the available power is 28 watts. 
+h ~s 

b6 have a varactor doubler which yields  an  output power of 

200 watts a t  400 MHz. 

The t o t a l  power consumption by the amplifiers is 159 watts, including the 

stages which were not described here. 

12.8 'L The average consumption of the transmitter is Pm = 159 x r x  = - 8 watts 

111.4 Phase S h i f t  as a Function of the Temperature 

Changes i n  the self inductance and capacitance elements could lead 

t o  a phase s h i f t  of the signals given by the hybrids,and by the amplifiers. 
. 

Calculations made using a value of 150 x 

temperature coeff ic ient  of the elements indicate t h a t  the phase changes 

introduced in to  every section must not exceed the following: 

per degree centigrade f o r  the 

1' 15' f o r  every hybrid 
4' 20' for the amplifier c i r c u i t s  
1' 15' f o r  the phase sh i f te r .  

Note t h a t  f o r  two para l le l  sections i$ is the r e l a t i v e  phase s h i f t  

which is of importance. Since the elements are identica1,only the deviations 

between the temperature coefficients enter  in to  consideration. These can be 

made very small by select ion or  by having matched pairs.  
i 

The phase s h i f t s  introduced by the t rans is tors ,  and t h e i r  behavrOif 

as a function of temperature are not known, but  the paceding remark is 



t applicable here. In'this case it is easier t o  minimize deviations because these 

t r ans i s to r s  operate far from t h e i r  cut-off frequency. 

111.5 Composition 

The t ransmit ter  w i l l  be made up of a certain number of modules 

as follows: 

1. Hybrid 

2. Phase equalizer 

3. 4.5 w Power amplifier 

4. 7.8 W Power amplifier 

The amplifiers have the i r  inputs and outputs matched f o r  5 O f i  and 

are independently addusted. 

50 LL coaxial  cables. 

They are connected to the  5 O f i  hybrids through 

111.6 Use of a Tabe for  the P.A. 

Because of time limits involved i n  analyzing the  problem w e  have 

not been able  t o  have systematic information on spec ia l  tubes f o r  space 

applications i n  the 400 MHz frequency band. 

We have therefore made a select ion from the tubes designed f o r  

a i r c r a f t  inborne equipment which are pa r t i cu la r ly  s t rong against  shocks 

and vibrations, but  we d id  not have information concerning t h e i r  lifetime. 

Generally speaking the tubawhich del iver  an amount of power of about 

40 watts consume f o r  the cathode heater an amount ranging between 6 and 10 watts. 

The pulse repe t i t ion  frequency does not tolerate a pulsed supply 

t o  the filament, which would anyway shorten the  l i f e  of the tubes because of t he  

repeated thermal stresses applied t o  t h e i r  f i laments (solut ion wi t h 

heating tubes). 

quick- 
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V I  - Table of Additional Weights and Consumption 

V I . l  - Consumption: Increase : 

Receiver (l) : 0.330 W + 0.030 + 0.030 

HF input ends and 
polar izat ion combiner : 0.050 W 0.050 0.050 

Transistorized 
t ransmit ter  : 8  W + 3.600 

Tube type PA 
t ransmit ter  : 16.25 w + 11.850 

3.680 W. 11.930 W. 

VI.2 - Weights and Volumes 

Increase : 

Weight Volume Weight Volume Weight Volume 

Receiver (1) : 1030gr. 800cm3 200gr. i00cm3 200gr. 1OOcm3 
ends 

HF input,and 
polar izat ion 
combiner : 140gr. l2Ocm3 140gr. 120cm3 140gr. 120cm3 

Transistorized 
t ransmit ter  : 1900gr. 1410cm3 . 1350gr. 960cm3 

Tube type PA 
transmitter (2) : 1350gr. 1160cm3 800gr. 710cm3 

1690gr. 1180cm3 1140gr. 930cm3 

(1) Not including the H.F. input ends and the  antenna polar izat ion combiner 

which const i tute  a separate set. 

(2) Including the DC-DC converter. 

L 
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A calculat ion was made for the tube 3 C P N 100 A 5, which 

7815 R/ 3 C P X is a rad ia tor less  version of the type 100 A 5 

(plane s t ruc ture  ceramic triode). 

The charac te r i s t ics  of t h i s  tube lead to  the following w6rking 

conditions: 

Heater voltage : 6 Volts 

Heater current : 0.9 min. 1.05 max Amps 

P la t e  supply potent ia l  : goo vo l t s  

Average plate current : 0.12 A 

€IF’ power delivered by the tube : 55 W 

Output c i r c u i t  e f f i c i e r f cy  : 0.8 

Effect ive €IF power : 44 watts 

Average plate diss ipat ion : 2.65 watts 

Power consumption : 108 watts 

Overall efficiency : 40.6 $ 

Input power : 7.6 u a t t s  

The input power should be less than 9 watts because of the  

eff ic iency of the coupling c i r cu i t  between the I.P.A. stage and the 

P.A. tube. 

This amount of power can be furnished by a varactor doubler supplied 

at  200 MHz by 13 watts through two 40.279 t r ans i s to r s  coupled by hybrids. 

These t r ans i s to r s  would be supplied by a power l e v e l  of 3 W from the 

low power stages obtained from the  i n i t i a l  project. 

The block diagram of the t ransmit ter  is shown Fig. 111.6.1 /034 
In addition t o  the already described s tages  w e  have an output coaxial hybrid 

which provdes d i s t r ibu t ion  of the power to the two antennas. 
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A phase s h i f t e r  made up or an adjustable  x/4 coaxial  cable provide8 

a quadrature of the transmitted waves. 

The average power consumed by the t ransmit ter  is: 

Heater 9ower : 6 W  

P.A. Supply power : 108/20 = 5.4 w 
Supply of the t rans is tor ized  stages: 40/20 = 2 W 

The heater voltage ( t o  be determined) and the  p l a t e  voltage are to 
$ 0  dc 

be furnished by a dchconverter, whose e f f ic iency  is 80 $. 

pt = 
Y - 

The construction of the t ransis tor ized p a r t  w i l l  be ident ica l  with 

t h a t  of the above described transmitter, 

Since the tube power amplifier is of the  grounded grid type, the  

cathode and p l a t e  c i r c u i t s  w i l l  be made up of coaxial  cavit ies.  

/038 I V  - NARROW BAND FILTER OF THE SATELLITE RECEIVE3 

IV. 1 F i l t e r  Principles 

The proposail, considered the sectioning of the  whole band, t h i s  

corresponding t o  the maximum frequency excursion of 50 KHz, in to  several 

channels of 10 KHz band w&h. 

I n  November 1964 the  f i l t e r  optimization was s t i l l  unfinished but  the  

s tudies  were continued 80 as t o  be able  t o  determine the  f e a s i b i l i t y  of the  

proposed device. 

These s tudies  were made with the following assumptions: 

1) The total 50 KHz band was sectioned in to  elementary bands by 80 

resonators (from 5 to 6) s ingle  pole resonators. 

of consecutive rank and selected from these 80 are put i n  p a r a l l e l  so as t o  

const i tute  a filter of 40 KHz band wrdth.  

frequency of t h i s  f i l t e r  within the total bandwidth depending on the l eve l s  

detected by each resonator, 

A limited number of 

A decision logic  chooses the center 
I 

1 
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f o w a f  

2) The of the  billoon response signal has been s l i g h t l y  

modified i n  order t o  reduce the  systematic dis toct ions introduced in to  the 

measurement of distance by the balloon ident i f ica t ion  character,  and a l s o  

i n  order t o  simplify the  d is t r ibu ter  which provides the signal 
f O W v M H t  

aboard 

the balloon. 

The diagram showing t h e  pr inciple  involved i n  the band se lec tor  is 
in 

shown Fig. IV.l.1. 

A detkctor having a very low time constant is associated with each 

resonator R and with a threshold device S, which i n  turn  indicates  whether 

o r  not the detected voltage exceeds a predetermined threshold. This threshold 

is the same f o r  a l l  the resonators. 
us 

A matrix of diodes permits t o  open the gates P of ranks . 

n = k 

whose gates are open, are put in parallel and the  output s igna l  of the r e su l t i ng  

f i l t e r  the gain of the receiver by means of a usua1A.G.C. device. 

t o  n + km whenever the threshold of rank n is excited. The resonators, 

e o w  WMAS 

With the s igna l  present,the receiver gain diminishes and the  A.G.C. 

reLulation valve is such that only a number n of threshold detectors  4 v c  

excited. 
\ 

The threshold value is  selected so that n + 2k is equal t o  the number 

06 resonators which are desired f o r  determining the  narrow band f i l t e r .  

The select ion is performed a t  two d i f f e ren t  times with the  same b a s i g  

principle,  i n  order t o  reduce the number of poles and the  weight of the  

equipment. 

(Fig. IV. 1.2) . 
us 

A separation of the f u n c t i o u  p e r m i t s  t o  simplify the  construction 

Two analyses occur successively i n  the two following d i f f e r e n t  filters: 

1) Zhe acquis i t ion f i l t e r  takes simultaneous care of the balloon 

frequency acquisit ion,  of the frequency advance posi t ioning of the modulation 

f i l t e r ,  and of the se lec t ion  of the  polarization, following the technique 

described i n  Chapter V. 



2) The demodulation f jLter  provides narrow band f i l t e r i n g  with 

reduced dis tor t ion,  which is necessary f o r  decoding the balloon signal 

and f o r  precisihn i n  the measurement of the distance. 
<>:,+ai VI i 99 
/I 
The acquis i t ion f i l t e r  is made up of 20 poles of bandwidth 1250 Hz 

C O k U b W f l W A  

a t  3 dB, separated by 2500 HL The matrix is such that k .I 0. The 

detection threshold is selected such t h a t  one, o r  a t  most two, f i l t e r s  are 

excited when the frequency mociulated signal is received with an  
; * A d  

of 1 and 

a s igna l  frequency of 625 Hz (synchronization signals). '  

The threshold is adjusted f o r  - 4 dE4 with respect t o  the reception 1040 

l eve l  which corresponds t o  the carrier only a t  the center of each f i l ter .  1 
The overa l l  bandwidth which makes acquis i t ion possible is 50 KHz 

(Fig IV.1.3) .  

The demodulation filter is made up of 7 poles of 1250 Hz bandwidth 

a t  3dB, spaced 625 Hz apar t  and phase sh i f ted  by-r\-/4. The s t ruc ture  u t i l i z e d  

is explained i n  the following sections. 

n = 3 or 4 (threshold a t  I) 2.5 a), and k - 1. The control  matrix is designed f o r  

Because of the low number of 

resonators, the s t ruc ture  appears as simple as i n  Fig. IV. 1.4. 
\ 

This f i l t e r  completes the acquis i t ion and, i n  normal operation, 

the  demodulation f i l t e r  is made up of the  f i v e  cen t r a l  resonators which 

together constAtute a f i l ter  of about 4 KHz bandwidth. 

The complete device is shown i n  Fig. IV.1.2.  

a t  the acquis i t ion channel input is a t  a f ixed frequency. 

demodulation channels, however, has a variable frequency which is determined 

The last frequency change 

That of the  

by an ind i rec t  frequency standard simultaneously controlled by the  acquis i t ion 

f i l t e r  (through the acquis i t ion and d ivers i f ica t ion  log ic  component), and 

by an automatic frequency control, tapped after discrimination, from the 

acquis i t ion channel. 4 
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The frequency standaru has 39 posit ions separated i n  frequency by 

1250 Hz. Its d iscre te  values are controlled by the acquis t t ion f i l t e r  

output voltage i n  such a way that  i f  the frequency of the s igna l  t o  be 

received is centered on one of the acquis i t ion filter resonators it is a t  the 

same time centered on the middle resonator of the demodulation f i l t e r .  The 

even frequency posit ions (2p x 1250 Hz) are controlled by the only excited 

resonator. The odd frequency positions t ( 2  p + 1) 1250 He] are control led 

on the middle frequency of the two successibe resonators which are simultaneously 

excited. 

/041 u.5 
The use of automatic frequency control  permits t o  reduce the 

t r a n s i t  time distortionJwhile a t  the same time providing a narrow 

band f i l t e r .  The A.F.C. frequency cut-off is about 10 Hz. It is s u f f i c i e n t  

t o  provide f o r  centering the frequency which is received 

narrow-band f i l t e r  a t  the instant  when the f ine  measurement of the distance 

is performed, namely during the second half of the signal. 

The group velocity distor%ion introduced during the reception of 

the ident i f ica t ion  s igna l  remains high but  s t i l l  acceptable f o r  the 

demodulator used. 
\ 

The format of the response s ignal  is modified as follows: 

synchronization 52 b i t s  

ident i f icat ion 10 b i t s  

measurement of 
the temperature 1s b i t s  

measurement of 
the pressure 65 b i t s  

256 b i t s  

This format brings t o  204.8 ms the duration of the  balloon 

response by increasing the time of the synchronization period (see chapter V). 
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This format simplifies the balloon dis t r ibutor .  The counting, 

which is performed i n  t h i s  dis t r ibutor ,  is stopped a t  the beginning 

of the ident i f ica t ion  word, The precise determination of the end of the  

distance measurement s igna l  is performed by the counting done aboard 

the s a t e l l i t e .  

I n  addition the end of the s ignal ,  upon which the f i n e  integrat ion 

of the distance measurement is done, isrmade up 

625 Hz sinusoidal signal,  t o  wi th in  two phase reversals  (corresponding b3 

the temperature and pressure measurements). This reduces the random 

dis tor t ions  introduced by the f i l t e r s  in to  the pseudo random signal. 

Feas i b i l i t y  s tudies  were carr ied out both theore t ica l ly  and 

experimentally. Calculations were made: 

1) On l i nea r  phase s h i f t  resonator f i l t e r s  already studied by 

C.F.T.H. f o r  analogous studies; 

2) In order t o  determine the d i s to r t ion  introduced in to  the zeros 

of the  signal which is chopped by the zero s h i f t  of a c a r r i e r  frequency, 

this frequency being modulated by a sinusoidal s igna l  of l25OIfz. 

For the experimental studies we take in to  consideration the following: 

1) Prior  s tudies  by C.F.T.H. 

2) A study which reproduces on a simplified model of a f i l t e r  

the conditions involved i n  t e s t s  simulated by calculations. 

t o  have an idea of the order of magnitude of the  p rac t i ca l  de te r iora t ion  

The study permits US 

of the theore t ica l  resul ts .  

/847 IV-2- Theoretical Calculations 

The s ignal  received aboard the satell i te has an e f fec t ive  

bandwidth of about 3.75 kHz when the first three l i n e s  of the 625 Hz frequency 

modulated s ignal  are considered (modulation index .I 1). 
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th J transmission t Ime of the ident i f ica t ion  

signal,  the s igna l  i s & x < p r a c t = 3  of an  almost sinusoidal s igna l  

of 625 Hz frequency. 

Because of the Doppler effect  and of the o s c i l l a t o r  d r i f t , t h e  pass band 

is widened t o  50 kHz, The proposed f i l t e r  is made up of resonating c i r c u i t s  

connected inpirallel, 5 or  6 of which a re  selected o r  actuated when the  ca r r i e r  

occupies t h e  frequency center of the elementary band which is determined i n  t h i s  

way. 

The charac te r i s t ics  of the narrow band f i l t e r  a r e  the following: 

.I. center frequency 220 kHz 

- number of act ive poles 5 o r  6 

- 3 dB bandwidth of a single pole 625 Hz 

- steps between resonance frequencies 625 Hz 

- phase s h i f t  a t  the input of one pole with T/4 
respect t o  the next 

IV-2-1 F i l t e r  Calculation (response curves) 

The e f f ec t  of the various parameters is  shown by the following various 

f i l t e r s  which a r e  calculated for  a 1250 Hz frequency modulated signal,  

1) Zero Phase S h i f t  F i l t e r  

A group of 9 poles of zero phase s h i f t  a t  the input of one with respect 

t o  the next lead t o  very unfavorable curves of phase and amplitude, f o r  the 

proposed application. 

The bandwidth of a single pole is chosen t o  be 1.25 kEz. 

The curves of Fig. IV.2.1 show the amplitude and the phase as a 

function of the frequency. 

2) F i l t e r  with =z Phase Sh i f t s  
2 

I 

A group of 9 poles phase sh i f ted  by. = " 2 a t  the input of one with 
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respect t o  the next lead t o  phase and amplitude curves which are improved 

over those of t h e  preceding case. 

The bandwidth of a s ingle  pole is chosen t o  be 1.25 kHz. The 

curves IV.2.2 and IV.2.3 f o r  the f i l e r  under consideration show both the t 

amplitude and phase vs frequency, and the propagation time as a function of the 

frequency. 

phase ghifts.  - 6  3) F i l t e r  with 

A group of 9 poles succe:;sively phase-shifted by -+ lead t o  phase, 

amplitudej and time propagation ( in  the  f i l t e r )  curves which are st i l l  better 

than those obtained above f o r  the proposed application. The curves IV.2.4 and 

IV.2.5 of the,  f i l t e r  under consideration show both the  amplitude and phase 

as a function of the frequency and the propagation time as a function of the  

frequency. The bandwidth of a single pole is chosen t o  be 2.5 kHz. 

4) Optimization of the Frequency Steps. 

As indicated above, the F.M. frequency used by these filters is 

1.25 kHz. The s teps  between resonance frequencies havealso been chosen t o  

be 1.25 kHz. 

the c a r r i e r  and its l ines  ( in 

changes of the phase s h i f t  of the ca r r i e r  and of its side band frequencies. 

The advantage presented by such a choice l i e s  i n  the  fact  that 

t h e  fi1ter)lead t o  approximately equal 

Refer t o  Fig. 1 ~ ~ 2 . 6 ,  which shows phase s h i f t s  as a function of the  1049 

f requencjr. 

When the carrier frequency goes from posi t ion 1 ‘to posi t ion 2, the  

side bands go from la  and b t o  2a and b. 

the same, which permits t o  l i m i t  the r e su l t i ng  dis tor t ions.  

The resu l t ing  phase change is about 
us 

IV. 2.2 Calculation of the Distortion. 

We have worked out  a calculation program f o r  the d i s to r t ion  introduced 

in to  a frequency modulated wave by the above described filters. 

permits t o  

This program 
us L w  

the zero displacement of the demodulated wave a t  the  

discriminator output, with respect t o  the zero posi t ions of the  modulated 
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wave without the f i l t e r ,  a s  a function of the posi t ion of the c a r r i e r  

frequency. 

We shall go in to  the resu l t s  o f '  calculationsof the d i s t o r t i o n  

. But TT- and = 'z introduced by the f i l ters which a re  phase sh i f t ed  by = 

before we do th i s ,  it i s  necessary t o  make the following remark, which appl ies  

t o  both types of the above described filters. 

Since the frequency steps of the successive poles are 1-25 kHz, 

the reduction of the r e su l t s  of d i s to r t ion  calculations must be made by 

taking the posit ion of the car r ie r  frequency between 220 - 0.625 W z  

220 + 0.625 kHz. Indeed, when the c a r r i e r  frequency goes outside 

above limits, i.e.,when the car r ie r  frequency becomes 220 + 0.800 Wz, 

and 

the 

the center frequency of the new +pole elementary f i l ter  becomes 221.25 kHz, 

a f t e r  the end poles of the old elementary ' f i l ter  of 220 kHz center frequency 

have been turned off  and on again. 

/050 1) Elementary f i l t e r  made up of 9 poles phase sh i f ted  by - n 
2 

The curve of Fig. IV.2.7 shows the zero s h i f t s  of the modulated wave 

which are introduced by the elementary f i l t e r  under consideration with a 

center frequency of fo= 220 MIz, 

The maximum average d i s t o r 3 i o n  calculated when the c a r r i e r  frequency 

p second. 625 kHz is of about 1 

2) Elementary f i l t e r  made up of 9 poles phase sh i f ted  by - I '  

The curve of Fig. rv.2.8 shows the  zero s h i f t s  of the modulated wave 

introduced by the elementary f i l ter  under consideration of center frequency 

n 
goes from 220 kHz t o  220, 

c 

4 

fo= 220 kHz. 

The maximum average dis tor t ion calculated when the c a r r i e r  frequency 

goes from 220 X€Kz t o  220,-625 kHz is of about 0.2 ,u second. 



IV.2.3 Characterist ic8 of the Bassband F i l t e r  Having a 

Linear Phase S h i f t  and made bv C.F.T.H. 

A f i l t e r  has been made by C.F.T.H. (Bagneux group) f o r  the  purpose 

of solving the  problems posed by pulse compression. 

The f i l t e r  is made up of 16 resonating c i r c u i t s  having the  same 

passband. These c i r c u i t s  are uniformly s h i f t e d  

cross points  a t  3 dB, and are fed by s igna ls  successively 

!\ 
2-• 

- 

!be center frequency of the  f i l t e r  is fo - 225 kHz 

bandwidth is 40 kHz. 

Result of Zechnoloaical Tests 

i n  frequency with 

phase s h i f t e d  by 

and the  t o t a l  

1051 
The changes i n  the  self-inductance of a resonator are from - 0.3 $ 

to 0.2 $, when the temperature ranges respect ively from = l5'C to + 6O'C. 

The changes i n  the  capacitance of a resonator under the  same climate 

conditions are respect ively from - 0.1 $ t o  0.1%. 

The frequency dr i f t  i n  the range of temperatures from - 16 t o  + 6O'C 

is less than 0.5 $. 

The transmidsion time i n  the 

IV.2.9. Photographs of the  
in Fiq 

e nc 10s ed. 

The amplitude response curve 

passband of the 16 element f i l t e r  is shown 

f i l t e r  (black and white s l i des )  are 

of t he  filter is obtained from IV.2.10. 

IV.3 Experimental Verification 

We have applied the  above described principle.  The f i l t e r  diagram 1052 

is shown i n  Fig. IV.3.l. The steps between elementary c i r c u i t  are 1000 Hertz. 

The passband of each c i r c u i t  is 1000 Hz a t  - 3dB. 

the  adjustment,the,phase s h i f t s  are made with a t ransis tor .  A 

passive network provides a phase s h i f t  of 

In order t o  s implify 
0 and - H  

H 
2 - - a t  the  2nd t r a n s i s t o r  input 

. . ~. . ... . ~~ 



inser t ion losses due t o  

loss less  phase s h i f t i n g  
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adjustment has been provided t o  compensate & 
the - y network. Note t h a t  f o r  the f ina l  version. 

H 
c: kw J 

networks would be used, with two network sect ions A 

with m = go and m = 16. 

Note from Fig, IV.3.2 tha t  there is a discrepancy between the 

theore t ica l  and experimental amplitude vs frequency curves. This drawback 

is due t o  the var ia t ions between the Q ' s  of the elementary network 

sections ( AQ 53 4 7s). 

Measurements were made of the group as a function of the center 

frequency of the modulated wave on the r i s i n g  andt ra i l ing  edges of the 

demodulated wave. && K;m'MW\9 n w u & s  
modulation 

4 
We have made a bench model of a s tab le  o s c i l l a t o r  

character is t ics  ( n o  hum). 

With a Tecktronix oscilloscope triggered by the 1000 Hz modulating 

lag introduced by the six-pole f i l t e r  signal, we measured the group 

output of a Gertsch demodulator (modified f o r  the experiment). 

measurement of t he  center frequency of the modulated o s c i l l a t o r  was made with 

a Hewlett Packard counter. 

a t  the  

The precise  

Since the f i l t e r  has only 6 sections w e  have selected a modulation 

index of 1, with a modulation frequency of 1000 Hz. 

Two se r i e s  of measurements were made: the  f irst  one without a f i l t e r  

a t  the output of the demodulator, the second one with a bandpass f i l t e r  centered 

a t  1000 Hz inser ted between the demodulator and the oscillospope, 

The inser t ion of a bandpass filter provides elimination of the harmonics 

and spurious frequencies (hum a t  50 Hz, HI? residual  frequency) and improves the 

measurement precis  ion. 

The r e s u l t s  obtained are  shown i n  Fig. IV.3.3. I n  t h i s  figure we 

have drawn curves obtained by calculation f o r  the phase s h i f t i n g  of the  r i s i n g  

and t r a i l i n g  edges. The average phase s h i f t  is also plotted. 
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Note the good agreement between the theore t ica l  curves and 

experimental r e su l t s  f o r  the r ight-hand pa r t  of the curve and a disagreement 

f o r  the left-hand p a r t  (here the  sign is d i f fe ren t ) .  We did  not have enough 

time t o  es tab l i sh  a correlation between these f ac t s  and the disagreement 

observed in  the amplitude curve (Fig. IV.3.2),nor t o  debug the  f i l ter .  

It is important t o  note t h a t  the absolute valuesof the calculated 

and measured e r rors  introduced are of the same order of magnitude: 

haximum nieasured error I = 2 {calculated e r r o r  

This rapid experimental ver i f icat ion was performed within a few 

days and the discrepancies observed are most l i k e l y  due to  imperfections i n  

the device. 
/054 

IV.4 Narrow Band Fi l te r ing  According t o  the D i a g r a m  of Fig. I V . 1 . 2  

IV.4.1 Determination of the Threshold Associated with Each Resonator 

The acquis i t ion and demodulation filters include a ce r t a in  number of 

threshold detectors which permit a possible removal of the resonators from 

cut-of f . 
We have been led  t o  evaluate, f o r  the frequency modulated wave, the  l e v e l  

i n  dB of the peak voltage which is detected output, f o r  

d i f f e ren t  posit ions of the car r ie r  frequency within the frequency 

bandwidth of the resonator. Th i s  was done i n  order t o  determine the threshold 

of the acquis i t ion and demodulation filters. 

1) Acquisition F i l t e r .  Choice of the  Threshold. 

The acquis i t ion f i l t e r  is, as sa id  before,, made up of 20 resonators with 

1250 Bz bandwidth a t  3 dB. 

Fig. IV.4.l.a shows the peak voltage l e v e l  i n  dB a t  the output 

of detectors corresponding t o  3 adjacent resonators, as a function of the 

ca r r i e r  frequency. 
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I f  t he  threshold l eve l  i s  chosen t o  be 4 dB it can be seen t h a t ,  depending 

on the frequency posi t ion of t he  s ignal ,  1 o r  2 resonators are  removed from cut-off .  

2 )  Demodulation Filter. Choice of t he  Threshold. 

The demodulation f i l t e r  i s  made up of 7 resonators of 1250 Hz bandwidth each 

a t  3 dB, separated by 625 Hz, with t h e  phase s h i f t  from one resonator t o  the  next 

being LL . 4 
Fig. IV.4.l.b shows the  detected peak voltage l eve l  i n  dB corresponding t o  

several  adjacent resonators as a function of the  c a r r i e r  frequency. 

I f  t he  threshold l eve l  i s  chosento be 2.5 dB, it can be seen tha t ,  /055 
depending on the  value of the  ca r r i e r  frequency; t h e  number'of excited threshold 

detectors i s  3 or  4.  

By re fer r ing  t o  Fig.  IV.1.4, it can be seen f o r  example t h a t  i f  the  resonators 
R 3  i s  c o h n e c t r d  d ; r r c t l y  t o  t h e  output ,  

R4,  R5 ,  R 6  are excited, t he  resonatorAR7 i s  removed from cut-off by the  detector  

corresponding t o  the  resonator R6, and the resonator R 6  i s  removed from cut-off by 

the resonator corresponding t o  the  resonator R'j. 

A t o t a l  of 5 resonators are put in p a r a l l e l  i n  t h i s  way. 

If for example the  detectors  R4, R 5 ,  R 6  and R 7  are excited, the  resonator 

R 3  being d i r e c t l y  connecfea  t o  the output, t he  number of resonators put i n  p a r a l l e l  i s  5 .  

If f o r  example the  detectors R3, R 4 ,  R 5  and R6  are excited, t h e  resonators 

R7  and R 2  a r e  removed from cut-off by the detectors  corresponding t o  the  resonators 

R 6  and R3, respectively,  and the  t o t a l  number of resonators put i n  p a r a l l e l  i s  6. 

IV.4.2. The Demodulation F i l t e r  Considered 1056 

The domodulation f i l t e r  under consideration i s  made up of 7 poles of 1250 

These are sapced 635 Hz apart  and the  r e l a t i v e  phase s h i f t  Hz bandwidth a t  3 dB. 

from one pole t o  the  next i s  $ . 
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I n  the preceding sect ion we have seen t h a t  the number 0 6 p o l e s  put  

i n  p a r a l l e l  is 5 or  6 (see Fig. IV.1.4), depending on the number of resonators 

excited (3 o r  4 depeJng on the posit ion of the  car r ie r ) .  
nL 

1) 5-poie P i l t e r  

Fig. IV.4.2.1 shows curves f o r  amplitude and phase s h i f t  of a filter 

and spaced by 625 Hz. Tr made up of 5 poles successively phase-shifted by -q- 

The s ingle  pole bandwidth is chosen t o  be 1250 Hz. 

Fig. IV.4.2.2 shows the zero s h i f t s  of the  frequency modulated wave 

which is introduced by the elementary f i l t e r  under consideration of 

fo = 220 kHz center frequency. 

2) 6-pole F i l t e r  

Fig. IV.4.2.3 shows curves of aniplitude and phase of a filter 

TT x made up of 6 poles phase-shifted by - 
spaced 625 Hz apart. 

one with respect t o  another, and 

The bandwidth of a single  pole is 

Fig. IV.4.2.4 shows the zero s h i f t s  of the  frequency modulated wave, 

chosen t o  be 1250 Hz. 

introduced by the f i l t e r  under consideration)of f, = 220 S€Hz center frequency. 

Analysis of the  d is tor t ion  curves IV.4.2.2 and IV.4.2.4 shows 

t h a t  a d i s t o r i t i o n  of 1 microsecond (average displacement) corresponds 

t o  a s h i f t  of the  c a r r i e r  of 

1) - + 300 Hz f o r  the f i l t e r  made up of 5 poles 

2) + 950 Hz f o r  the filter m a d e  up of 6 poles - 
/057 

IV .  5 Conc lues ion 

The theore t ica l  curves of Section IV.4.2 show t h a t  the  most unfavorable 

case of a d i s to r t ion  of l,u sec corresponds t o  that of a 5-pole filter. 

, 



.. 
. 

By taking a ' s a f e t y  factor  of 2 the e r ro r  made on the distance 

measurement and introduced by the filter can be made l e s s  than lp sec 

provided the ca r r i e r  center s h i f t  is less than - + 150 Hz. 

We can therefore conclude that the proposed device will be able t o  

s a t i s f y  t h i s  condition i f  the A.F.C. feedback loop gain is greater  than 

7 1125 = 7.5 or 17.6 dB. 150 
This device adds a gain of 4 dB to the threshold, as compared with 

the use of a f i l t e r  of 10 kHz bandwidth. 

V = DIVERSIFICATION OF POLARIZATION &a 
Since the balloon transmission is ve r t i ca l ly  polarized, the wave 

V = DIVERSIFICATION OF POLARIZATION &a 
Since the balloon transmission is ve r t i ca l ly  polarized, the wave 

received by the satellite is a plane wave whose plane of polar izat ion may 

have turned 
b% 

a cer ta in  angle because of the Faraday effect. 

This angle of ro ta t ion  depends on a suffdcient ly  large number of 

parameters (solar ac t iv i ty ,  distance from the s a t e l l i t e  to  the balloon, angle 

between the balloon direct ion and the loca l  magnetic field, satel l i te  

latitu-de) so t h a t  t h i s  angle can be considered random. 

The theore t ica l  solution, which would permit cancellation of the 

propagation loss due t o  the angle between the incident wave and the  plane 

of polarization of the antenna, would consis t  of using a polar izat ion combiner. 

This solution would be very expensive since it would lead t o  having two 

receivers,  including the narrow band h t e r s .  The existence of these 

f i l t e r s  permitsus t o  solve the problem by a much more e l q a n t  method, 

which consis ts  i n  obtaining cyclically,  from two satell i te receiving 

antennas, with t h e i r  successive planes of polarization making an angle of 

on bowd 
/ 

45' between themselves, 



'I, 

. 
The polar izat ion switching is performed i n  a periodic cycle of 

k'& 
h 4.8 millisec. The time constant of receiver dead time is less than 

2 mill isec.  

time constants of the detection of narrow ban X i l t e r  resonators are l e s s  

T h a t  of the receiver is of about 50 t o  100 mill isec.  The 
c 

than one millisecond. Under these conditions the log ica l  use of the 

command signals of the acquisit ion f i l t e r  matrix permits to make a decision 

as t o  the nature of the  polarization &long which the f ield is strongest.  

The automatic gain axuumXLstores i n  8 memory the s t rongest  f ie ld  whenever 

US 

&at&- 
m-ztr& A 

a signal  from the balloon is received. Consequently, during the two o r  three 

t e s t s  following two passes through the plane of polar izat ion which gives t h e  

strongest field, no resonator is excited. 

sweep when, 

excSzs&, the  posi t ion is t h a t  which corresponds t o  the maximum field$ &ck L;h, 
-wh&& is ag~..& characterized** exci ta t ion of one o r  two resonators. 

I t  is only necessary t o  s top  the 

the g i r s t  period following the p@ the resonators,are--nat 

/078 
dUJti/12'3ti ne-2.Xc,\&i& c # v u u &  *F 

A 

it.+'& GH- 

Since the s igna l  which comes from the balloon is capable of 

a r r iv ing  a t  any time within the exploration cycle of a l l  the various 

polarizations,  it 

before the a r r i v a l  of the ident i f icat ion signal. 

is necessary t o  have a t  l e a s t  e ight  periods of exploration 

The individual cycle hew!es 
~ - d y  

t o  take care i n  the most unfatosable case a minimum of 4 b i t s  

of the prephasing necessary for  the demodulation of the ident i f ica t ion  
9- 

\ 

signal. 

The exploration device necessitates the presence of the e lec t ronic  

switches and of two adders between the antennas and the receiver input. 

I n  order t o  simplify the embodi-ent of t h i s  device, without a t  

the same time increasing the losses, each of the two s e t s  of antennas 

with crossed a low-loss transmission - 
reception switch -haxciq a -r-4 output connected t o  a low-noise 

amplifier. 
A 

The polarization combination is done on the low-noise amplifier 

outputs, according t o  the four following combinations: 



. 

The gain loss due t o  the residual angle between the planes of 

polarization is always l e s s  than 0.7 dB and has an average s t a t i s t i c a l  

value of about 0.2 dB. 
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